Solid-state extraction of plasma or serum offers significant advantages over traditional liquid-liquid methods in cortisol determinations by liquid chromatography (HPLC). Sample preparation is facilitated and HPLC column contamination is minimized.
The application of "high-performance" liquid chromatography (HPLC) to routine cortisol analyses in plasma and sera has been extensively investigated during the past 10 years. Basic to these HPLC procedures is the near-quantitative extraction of nominal sample sizes (1 mL or less) with 10-fold volumes of nonpolar solvents. These extractions are tedious and slow in comparison with solid-state methods in which solutes of interest are concentrated onto stationary phases contained in small columns. Zief et al.
(1) recently suggested the general applicability of a system of disposable extraction columns for determination of cortisol in plasma or serum. We report here on the development of procedures for these columns in cortisol analyses by HPLC.
Materials and Methods
Components of the HPLC assembly (all products of Watore Associates Inc., Milford, MA 01757) included a Model U6K injector, Model 440 solvent-delivery programmer, and a Waters Data Module. This HPLC unit has a fixed wavelength of 254 mn, and a maximum sensitivity ofO.005A full scale. Columns used were a j.Bondapak C18 (3.9 mm x 30 cm) and a C18radial compression cartridge (8 mm x 10 cm, 10 tm particle diameter), with flow rates of 1.0 and 4.0 mL/ mm, respectively.
The latter were used in conjunction with a Waters Z-Module System. All HPLC operations were at ambient temperatures.
Extraction columns with a 1-mL reservoir, packed with reversed-phase octadecylsilane (C18) bonded to silica, were purchased from the J. T. Baker Chemical Co., Phillipsburg, NJ 08865. A four-column holder was constructed from a glass jar (8.0 cm diameter x 8.5 cm). The screw-type lid was fitted with no. 18 hypodermic needles for collection of eluents into borosilicate test tubes (12 x 75 mm) held in a polystyrene block.
Cortisol (H-4001) and corticosterone (C-2505) were from Sigma Chemical Co., St. Louis, MO 63178. Methanol, "CHOMAR" grade, reagent-grade acetone, and "SpectrAR"-grade dichioromethane were from Mallinckrodt, Inc., Paris, KY 40361.
The mobile phase in the HPLC analysis was a 60/40 (by vol) methanol/water mixture. The distilled water and the methanol were each preffitered through a 0.45-pm nominal pore size, 25-mm-diameter 
Procedure.
The extraction column is conditioned (without drying out) with two 1-mL portions of methanol followed by two 1-mL volumes of distilled water. With mixing, 350 tL of the internal standard solution is added to 1 mL of plasma. The treated sample, after centrifligation (5 mm, 700 x g), is applied to the column and the negative pressure adjusted so that the flow rate is about 1 mL/30 s. The column is then washed twice with 1-mL portions of the acetone/water mixture followed by two 1-mL washes with distilled water. Cortisol is eluted from the column into test tubes with 200 tL, then 100 giL, of methanol and stored at 4#{176}C for HPLC analysis. We extracted 5 mL of plasma in this manner and on evaporation of the 300 LL of eluent could not detect any weight gain in a tared tube (balance sensitivity ± 200 pg).
Results and Discussion

Plasma artraction.
We extracted plasma and sera of known cortisol content by using the C18extraction columns in general accordance with Zief et a!. (1). Analyses of the extracts by HPLC indicated poor recovery of cortisol, only 10% in the worst case. We investigated extraction variables, and inadvertently discovered that additions of methanol to plasma or sera before extraction substantially improved recoveries, as illustrated in Figure 1 for a plasma fortified to 0.2 mg of cortisol per liter, for which there is a 2.4-fold increase in the cortisol peak area. This beneficial effect of methanol also had the advantage that we could conveniently add our internal standard. We determined the minimum effective alcohol concentration by making additions from 18 to 38% and found 25% to be near optimum. Alcohol was added within 10 s to sample tubes while vortex-mixing.
HPLC. Internal standard (corticosterone) in methanol was added in the ratio 350 pL/mL of plasma, and peakheight ratios, cortisol/corticosterone, were determined by HPLC for mixtures of internal standard and standard cortisol solutions. A linear plot of the peak ratios vs cortisol (expressed as pg/dL of plasma per 350 pL of corticosterone) was used to determine cortisol content in samples directly from their peak ratios. Three examples in Figure 2 of plasmas with cortiso! concentrations of 50, 120, and 300 g/ L show the large variations in the peak ratios and the negligible effects of extract volume injected on peak resolution.
Recovery. Plasma aliquots were fortified with cortisol by addition of 95, 191, and 286 gfL. These samples, including the unadulterated plasma, were processed on the extraction columns, eluted, and chromatographed. 
